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BACKGROUND OFTHEINVENnON 
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terrestrial base stations (also referred to as cell-sites stations, cell-sites or 
for short, ceUs) using code division multiple access (CDMA) spread 
spectrum communication signals. In using CDMA communications, the 
frequency spectrum can be reused multiple times thus permitting an 
5 increase in system user capacity. The tise of CDMA results in a much 
hi^ier spectral efficiency than can be adueved using other multiple 
access techniques. 

The terrestrial channiel experiences signal fading that is 
characterized by Rayleigh fading. The Rayleigh fading characteristic in 
"10 tiie terrestrial channel signal is caused by the signal being reflected from 
many different features of the physical environment As a result, a 
signal arrives at a mobile imit receiver from many directions with 
different transmission delays. At the UHF frequency bands usually 
employed for mobile radio communications, including those of cellular 

1 5 mobile telephone systems, significant phase differences in signals 

traveling on different paths may occur. The possibility for destructive 
summation of the signals may result, wifli on occasion deep fades 
occurring. 

Terrestrial chaimel fading is a very strong function of the physical 
20 position of the mobile unit. A small change in position of the mobile 
uidt changes the physical ddays of all the signal propagation paths, 
which further results in a different phase for each path. Thus, the 
motion of tiie mobile unit through the environment can result in a 
quite rapid fading process. For example, in the 850 MHz cellular radio 

2 5 frequency band, this fading can typically be as fast as one fade per second 

per mile per hour of vehicle speed. Fading this severe can be extremely 
disruptive to signals in the terrestrial channel resulting in poor 
communication quality. Additional transmitter power can be used to 
overcome the problem of fading. However, such power increases effect 
30 both the user, in excessive power consumption, and the system by 
increased interference. 

The CDMA modulation techniques disclosed in U.S. Patent 
No. 4,901,307 offer many advantages over narrow band modulation 



wo 92/10890 



3 



PCTAJ591/09295 



techniques used in communication systems employing satellite or 
terrestrial repeaters. The terrestrial channel poses special problems to 
any communication system particularly with respect to multipath 
signals. The use of CDMA techniques permit the special problems of the 
5 terrestrial channel to be overcome by mitigating ttie adverse effect of 
multipatii, e.g. fadings while also exploiting the advantages thereof. 

In a CDMA cellular telephone system, the same wide band 
frequency channel can be used for communication in all cells. The 
CDMA waveform properties that provide processing gain are also used 

10 to discriminate between signals that occupy the same frequency band. 
Furthermore the high speed pseudonoise (PN) modulation allows many 
different propagation paths to be separated, provided the difference in 
path delays exceed the PN chip duration, Le. 1 /bandwidth. If a PN chip 
rate of approximately 1 MHz is employed in a CDMA system, the full 

1 5 spread spectrum processing gain, equal to the ratio of the spread 
bandwidth to system data rate, can be employed to discriminate against 
paths that differ by more than one microsecond in patii delay from each 
other. A one microsecond path delay differential corresponds to 
differential path distance of approximately 1,000 feet. The urban 

20 environment typically provides differential path delays in excess of one 
microsecond, and up to 10-20 microseconds are reported in some areas. 

In narrow band modulation systems such as the analog FM 
modulation employed by conventional telephone systems, the existence 
of multiple paths results in severe multipath fading. With wide band 

25 CDMA modulation, however, the different paths may be discriminated 
against in the demodulation process. This discrimination greatly 
reduces the severity of multipath fading. Multipath fading is not totally 
eliminated in using CDMA discrimination techniques because ttiere will 
occasionally exist paths with delayed differentials of less than the PN 

30 chip dmation for the particiilar system. Signals having path delays on 
this order cannot be discriminated against in the demodulator, resulting 
in some degree of fading. 
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It is therefore desirable in fl»e CDMA cettular telephone system 
ti«t some form of dhrersitjr be provided which would permit a system to 
reduce fading. Ettversity is one approach for mitigating the deleterious 
effects of fading, ihree m^or types of diversity exist time diversity, 
5 frequency diversity and space diversity. 

Tmie diversity can best be obtained by tiie use of repetition, time 
interleaving, and error detection and correction coding which is a form 
of repetition. The present invention employes each of these techniques 

as a form of time dive«ity. 
10 CDMA by its inherent nature of being a wideband signal offers a 

form of frequency diversity by spreading the signal energy over a wide 
bandwidth, iherefore, frequency selective fading affects only a sman 
part of the CDMA signal bandwidth. , . , 

Space or path diversity is obtained by providing multiple signal 

1 5 paths through simultpneous links from a mobile user throu^ two or 
more cell-sites. Furthermore, patti diversity may be obtained by 
exploiting the multipath environment through spread spectrum 
processing by allowing a signal arriving with different propagation 
delays to be received and processed separately. Examples of path 

20 diversity are iUustrated in copending U.S. Patent AppUcation entitied 
'^FT L^PF IN A CDMA CELLULAR raLEPHONE SYSTEM'', 
Serial No 07/^W filed November 7, 1989, and copending U.S. Patent 
AtmUcation entitied "DZVERSTIY RECEIVER IN A CDMA CELLULAR 
TELEPHONE SYSTEM", Serial No. 07/432^52, also filed November 7, 

25 1989, botii assigned to tiie assignee of tiie present invention. 

The deleterious effects of fading can be furtiier controlled to a 
certain extent in a CDMA system by controlling tiransmitter power. A 

svstem for cell-site and mobUe unit power control is disclosed m 
copending U.S. Patent AppUcation entitled "METHOD AND 
30 APPARATUS FOR CONTROLLING TRANSMISSION POWER IN A 

CDMA CELLULAR MOBILE TELEPHONE SYSTEM^ Serial No. 
07/433,031, filed November 7, 1989, also assigned to ti«e assignee of tiie 
present inventioiu 
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The CDMA techniques as disclosed in U.S. Patent No. 4,901,307 
contemplated the use of coherent modulation and demodulation for 
both directions of the link in mobile-sateUite communications. 
Accordingly, disclosed therein is the use of a pilot carrier signal as a 

5 coherent phase reference for the satellite-to-mobile link and the cell-to- 
mobile link. In the terrestrial cellular environment, however, the 
severity of multipath fading, with the resulting phase disruption of the 
channel, precludes usage of coherent demodulation technique for the 
mobile-to-cell link. The present invention provides a means for 

1 0 overcoming the adverse effects of multipath in the mobile-to-cell link by 
using noncoherent modulation and demodulation techniques. 

The CDMA techniques as disclosed in U.S. Patent No. 4,901^07 
further contemplated the use of relatively long FN sequences with each 
user channel being assigned a different PN sequence. The cross- 

1 5 correlation between different PN sequences and the autocorrelation of a 

PN sequence for all time shifts other than zero both have a zero average 
value which allows the different user signals to be discriminated upon 
reraption 

However, such PN signals are not orttiogonal. Although the 
20 cross-correlations average to zero, for a short time interval such as an 
information bit time the cross-correlation follows a bmomial 
distribution. As such, the signals interfere with each other much the 
same as if tiiey were wide bandwidtii Gaussian noise at the same power 
spectral density. Thus the other user signals, or mutual interference 

2 5 noise, ultimately limits the achievable capacity. 

The existence of multipath can provide path diversity to a 
wideband PN CDMA system. If two or more patiis are available witix 
greater than one miaosecond differential path delay, two or more PN 
receivers can be employed to separately receive these signals. Since these 
30 signals will typically exhibit independence in multipath fading, i.e., they 
usually do not fade together, the outputs of tiie two receivers can be 
diversity combined. Therefore a loss in performance only occurs when 
both receivers experience fades at the same time. Hence, one aspect of 
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the present invention is the provision of t«ro or more PN receivers m 
combination with a cBversity combiner, m order to exploit tt« existence 
of multipath signals, to overcome fading, it is necessary to utibze a 
waveform that permits path diversity combining operations to be 

5 P^^"^^^^ ^ gygjg^ fo, constructing PN sequences that provide 
orthogonality between the users so that mutual interference wdl be 
redu^d is disclosed in copending U.S. Patent AppUcation entitled 
^SYSTEM AND METHOD FOR GENERATING SIGNAL WAVEFORMS 

10 IN A CDMA CELLULAR MOBILE TELEPHONE SYSTEM", Serial No. 
07/543 496, filed June 25, 1990> also assigned to the assignee of the present 
invention. Using *ese techniques in reducing muttml interfer^ce 
aUowing higher system user capacity and better link performance. With 
orthogonal PN codes, the cross^orrdation is zero over a predetermined 

15 time interval resulting in m interference between tt^orth^ 

provided only ttiat the code time frames are time aUgned with each 

In an such a CDMA cellular mobile system as disclosed in Serial 
No 07/543,496, signals are communicated between a cell^ite and mobde 
20 unite uang direct sequence spread spectrum communication signak. m 
the ceU-to^obile link, pilot, sync, paging and voice channels are 
defined. Information communicated on the ceU-to-mobile cha^^ 
are, in general, encoded, interleaved, bi-phase shift key (BP^^ 
xnoiulated with orthogonal covering of each BPSK symbol along^^^^ 

25 quadrature phase shift key (QPSK) spreading of tiie covered syn*ob. Jn 
L mobile-to-ceU link, access and voice channels are defined, 
information communicated on the mobile-to<eU link chamids a«^^ 
general, encoded, interleaved, ortiu,gonal signalling along with QPSK 
spreading. Using orthogonal PN sequences does in fact reduce mutual 

30 interference, thereby permitting greater user capacity, in addition to 

supporting path diversity so as to overcome fading. 

the above mentioned patent and patent appUcations disclose a 
novel multiple access technique wherein a large nmnber of mobile 
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telephone system users communicate through satellite repeaters or 
terrestrial base stations using code division multiple access spread 
spectrum modulation tiiat allows the spectrum to be reused multiple 
times. The resulting system design has a much higher spectral efficiency 
5 than can be achieved using previous multiple access techniques. 

In cellular telephone systems, a large geographic area is provided 
with mobUe telephone service by installing a number of cell-sites 
situated so as to provide coverage of the entire geographic area. If service 
demand exceeds the capacity that can be provided by a set of cell-sites that 
10 just provides coverage, the cells are subdivided into smaller cells. This 
process has been carried out to the extent that some major metropoHtan 
areas have nearly 200 cell-sites. 

The technique described in U.S. Patent No. 4901,307 uses CDMA 
to achieve a very high capacity by providing marginal isolation gain 
1 5 through tiie exploitation of system characteristics and functions such as 
multiple steerable antennas, speech activity and reuse of the entire 
frequency band in every cell of the system. The result is a significantiy 
higher system capacity tiian provided by other multiple access techniques 
such as FDMA and TDMA. 
20 In a furtiier development of the cellular telephone idea, it is 

desired to provide a number of very small cells, called microceUs, which 
would provide coverage of a very limited geographic area. Usually, it is 
considered that such areas are limited to a single floor of an ofHce 
building and tiie mobile telephone service can be viewed as a cordless 
2 5 telephone system that may or may not be compatible with the mobUe 
cellular telephone system. The rationale for providing such a service is 
similar to the reasoning for use of Private Branch Exchange (PBX) 
systems in business offices. Such systems provide for low cost phone 
service for a large number of calls between phones within the business 
30 while providing simplified dialing for internal phone numbers. A few 
lines are also provided to connect the PBX system to tiie pubUc telephone 
system, allowing calls to be made and received between phones in tiie 
PBX system and telephones located elsewhere. It is desirable for tiie 
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xmcroceU system to provide a dmilar level of service but with *e ad«ied 
feature of cordless operation anywhere within the service area of the 
PBX. 

In appUcations sudi as the wireless PBX or Wireless local loop 
5 telephone systems path deUys are much shorter in duration than m 

ceU^ar mobile systems, m buildings and other indoor envuronmente 
where PBX systems are used it is nec^sary to provide a form of diversity 
which will enable discrimination between CDMA signals. 

The primary problem solved by the disclosed invention is the 
10 provision of a simple antenna system that provides high capadty^simp^^ 

LtaUation, good coverage and excellent performance. 
problem is to achieve the above limited coverage while maintammg 
«,mpatibiHty with the mobile cellular system and while tatomg a 
negUgible amount of capacity away from the mobile system, ms is 
15 acW^edinthedisclosedinventionbycambiningthecapad^ 

of CDMA with a new distributed antemia design that confmes tiie 
radiation to a very limited and carehiny controlled area. 

The implementation of spread spectrum commumcation 

techniques, particularly CDMA techniques, in a PBX 
20 therefee provides features wMch vastly enhance system rehabihty^^ 

capacity over other communication system techniques. CDMA 
tedmi^s as previously mentioned further enable problems sudias 
fading and interference to be readily overcome. Accordmgly, CDMA 
tedmiques further promote greater frequency reuse, thus enabhng a 
25 substantial increase in the number of system users. 

SUMMARY OFTHE INVENTION 

30 A key aspect in ttie wireless PBX and the wireless local loop of the 

mesent invention is tiie CDMA distributed antemia. m this concept, a 
L of simple antennas are fed by a common signal with only toe delay 

processing to distinguish signals. The transmit output of the cell 
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transmitter is fed down a coaxial cable to a string of radiators. The 
radiators are connected to the cable using power splitters. The resulting 
signals, amplified as necessary, are fed to tiie antennas. The salient 
features of this antenna concept are: (1) extremely simple and 
5 inexpensive; (2) neighboring antennas have time delays inserted in feed 
structure so signals received from two antennas are distinguishable by 
PN temporal processing; (3) ejqjloits direct sequence CDMA's ability to 
discriminate against multipath; and (4) creates deliberate multipath that 
satisfies discrimination criteria. 

10 In tiie distributed antenna processing, each antenna taps into the 

distribution cable somewhat like a cable TV system. Broadband gain is 
provided as needed at the antennas or at the cable taps. Note that the 
cable system will usually ccmsist of two cables, one for transmit signals 
and one for receive sigiuds. In many cases, the necessary delay will be 

1 5 provided naturally by tiie distribution cable and no additional delay 
elements will be necessary. When additional delay is necessary, it will 
usually prove simplest to a>il up a length of coaxial cable. 

A very important feature of this architecture is that no signal 
specific processing is necessary. In particular, no filtering, mixing 

20 translation or other complex signal processing operations need be 
performed Only amplification is needed and that is provided "in bulk- 
to all of the signals in ti\e cable willi a single amplifier. 

Another advantage is that little site specific engineering is 
required for installation. Normally, antenna placement will be 

2 5 determined only by physical consteaints, together with the requirement 
tiiat every location desiring service must be covered by at least one 
antenna. There is no concern few overlap. In fact, overlapping coverage 
is desirable in that it provides diversity operation to all terminals in the 
overlap area. Overlap is, however, not required. 

30 The advantages of tiie distributed antenna concept become clear 

when considering the inherent simpUdty of tiie cell equipment required 
to support a wireless PBX, wireless local loop or wireless home extension 
phone. 
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For the iiutial installation of a witdeSs PBX in a hotel or office 
building it is probable titiat a system capable of handling up to 40 
simultaneous calls win be adequate. Kara system of this capacity, only a 
single wideband (1.25 MHz bandwidfe) receiver/transmitter needs to be 
5 provided. A single receiver/transmitter is then coupled into the 
antenna system drive cable. As described, this can be a ^ serial stnng 

of anteima dements. 

Another possible antenna approach allows two or more cables to 
be driven in parallel by the receiver/transmitter with the necessary dday 

1 0 dements located with the recdver/transmitter equipment. As ttie 
capadty demand for a single system grows beyond 40 simultaneous cdls, 
the system can be expanded in two different dimensions. 

First and simplest is the use of additional widdjand frequency 
channels, 'm the cdlular tdephone appUcation, the total 12.5 MHz 

15 bandwidth available for eadidiredion for eadi carrier is subdivide! into 
up to ten different 1.25 MHz widd)anddiannds. For example, to double 
capadty to 80 simultaneous cdls without dianging the antenna system, a 
sea)nd recdver/transmitter unit would be added along with the 
necessary digital channd unit/vocoder equipment If the enture 

20 spectmm of ten diamids is not required for CDMA, then fteremaind« 

^bevsedhy analog FM (or even digitd TDMA) using the standard 
30 kHz diannelization. ^ 

K it is desired to increase capadty without using additional 
frequency specfrum then the antenna subsystem can be subdivided into 

25 "pseudo^ectors." In this ardutedure, the antenna drive cable m divided 
so as to provide two or more ports. Normdly, you would try to have the 
antennas in eadt of &e pseudo^edors to be rdativdy di^oint from eadi 
other, although this is not criticd. Eadt of the pseudo^r is th«i 
provided witii its own recdver/transmitter unit The digitized sample 

30 busou^utofflierecdver/transmittersisfedtoattofthedanndumts. 

The diannd units, as they are dedgned for cellular service, 
provide for up to three sedor bus connedions. In cdlular service, this 
wouW dlow three adjoining sedors of a cdl to be comiected to a diannel 
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unit. The diannel uiiit provides (tivexsity cond^ini^ 
three sectors at tfie symbol level, thus providing a very high level of 
diversity combining. In the wireless PBX application, three antenna 
strings serving adjoining service areas could be connected to these three 
5 busses. This would allow a "soft handofF' without switch intervention 
to be accomplished between any of the antennas in the tiiree antenna 
strings. This has the advantage of "hiding" the handoff process from the 
switch and allows the switch to be a generic PBX. 

Qearly, the above architecture could be allowed to grow to great 

1 0 size. With ten wideband channels in use in three "pseudo-sectors", 
approximately 1200 simultaneous calls could be processed. This could be 
serving on the order of 15,000 lines rorresponding to a large size central 
oM(% capacity. Growth beyond this capacity is also possible but the 
switching architecture would, of necessity, begin to take on some of tiie 

1 5 characteristics and requirements of a cdlular system. 

The CDMA system described above for the Wireless PBX 
applicaticHi can also be applied essentially unchanged to the wireless 
local loop problem. In wireless local loop applications it is desired to 
provide improved telephone service to a (generally) built up area with 

20 small cost and ease of installation of tiie necessary infrastructure. The 
wireless local loop equipment would be co-sited witii the central office 
switch serving the area. 

The vocoders, channel units and receiver /transmitters would all 
be located together at the same facility as the switch. The 

25 receiver/transmitter(s) would be coupled to the distributed antenna 
system as described above. In ihis system, the RF signals for both in- 
bound and out-bound agnals pass through a pair of cables. The cables 
are tapped periodically to drive radiating elements. The cable taps may 
or may not require the use of amplification to maintain signal levels. 

30 The home telephone unit for interfece with the wireless local loop 

would consist of a low cost CDMA mobile phone modified for use witii 
mains power and a simple fixed antenna. The telephone handset would 
plug into this RF imit. The simplicity of the user equipment would be 
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completely consistent with user installation. The customer would 
simply take it home, open the box, plug it in and begin to make calls. 

The architecture of the system allows for a sm^le evolution as Ae 
market is penetrated. The service could be^ with a single 
5 omnidirectional antenna located at tiie equipment site. This antenna 
would be mounted on a hig^i tower so as to provide coverage of the area. 

Note that ttie first objective witii initial service is universal coverage of 
Ihe service area so tiiat afl customers desiring service may subscribe. 

Then, as demand causes the need for additional capacity, the 

10 antennas could be sectorized. As demand grows still greater, the most 
dense sectors can be replaced with the distributed antenna. The 
distributed antenna will allow higher capacity because interference from 
adjacent cells is reduced and because subscriber units may operate a 
lower power and generate less interference to neighboring cells. 

15 MobUe service can also be provided by this system if provision is 

made for appropriate connections between adjacent central offices for 
handoff if the user moves from one central office's service area to 
another. This handoff can be made soft in the manner provided by the 
CDMA ceUular system with the use of the appropriate software and 
2 0 hardware between tt»e central office switches. 

BRIEF DESCRIFnON OF THE DRAWINGS 

The features, objects, and advantages of the present invention will 
25 become more apparent from the detailed description set forth below 
when taken in coigunction with the drawings: 

Hgure 1 is a schematic overview of an ocemplary CDMA vrireless 

PBX telephone system; 

Rgure 2 is an illustratioii of an exemplary antenna pattern for an 
30 distributed antenna system of Figure!; 

Rgure 3 is a schematic diagram of an alternative distributed 
antenna system for use with the systen of Figure 1; 
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Hgure 4 is a block diagram of tiie exemplary microcell equipment 
as implemented in a CDMA wireless PBX telephone system; and 

Figure 5 is a block diagram of the mobile unit telephone 
configured for C35MA communications in the CDMA wireless PBX 
5 telephone system. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

10 In a CDMA wireless telephone system, a microcell has a 

controller, a plurality of spread spectrum modulator-demodulator imits, 
which are also referred to as channel unit or modems, a transceiver and 
a distributed antenna system. Each channel unit consists of a digital 
spread spectrum transmit modulator, a digital spread spectrum data 

1 5 receiver and a searcher receiver. Each modem at the microcell is 

assigned to a mobile unit as needed to facilitate communications with 
the assigned mobile unit. The term "mobile unit" or subscriber terminal 
as used with reference to the miaocellular system is generally a CDMA 
telephone set that is configured as a hand-held personal 
20 communications device, a portable CDMA telephone or even a CDMA 
telephone that is fixed at a specific location. 

In the CDMA wireless PBX or local loop telephone system, the 
microceU transmits a "pilot carrier" signal. The pilot signal is used by 
the mobile units to obtain initial system synchronization and to provide 

2 5 robust time, frequency and phase tracking of the microceU transmitted 

signals. Each microcell also transmits spread spectrum modulated 
information, such as microceU identification, system timing, mobile 
paging inftwmation and various other control signals. 

Upon acquisition of the pilot signal, i.e. initial synchronization of 
30 the mobUe unit with the pilot signal, the mobile unit searches for 
another carrier intended to be received by aU system users in the ceU. 
This carrier, caUed the synchronization channel, transmits a broadcast 
message containing system information for use by the mobiles in the 
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system. The system information identifies the nucrocett aiui tte 
in addition to conveying infonnation which allows the long PN codes, 
interleaver frames, vocoders and other system timing information used 
by the mobile mobile unit to be synchronized without additional 
5 searching. Another diannel, called the paging channel may also be 
provided to transmit messages to mobile units indicating tiiat a caU has 
arrived for titem, and to respond with channel assignments when a 

mobile initiates a calL 

When a call is initiated, a pseudonoise (PN) code address is 

1 0 determined for use during the course of this calL The code address may 
be eiflier assigned by the microceU or be determined by piearrangement 
based upon tiie identity of the mobile unit 

In Figure 1, wireless base station 10 is illustrated which includes 
PBX switch 12 and microceU 14. PBX switch 12 is used in interfacing base 

1 5 station 10 to the pubUc switched telephone network (PSTN) and/or PBX 
system wired telephones. PBX switch 12 serves hi routing telephone 
calls to/from microceU 14 which communicates &\e caUs via CDMA 
communication signals with tiie appropriate mobile unit Microcelll4 
includes CDMA controUer 18, a pluraUty of channel units 20A - 20N and 

20 corresponding vocoders 22A - 22N, tiransceiver 24 and distiributed 

antenna system 26. 

PBX switch 12 couples calls to and from a particular avaUable 
vocoder - channel unit pair. PBX switch 12 is preferably a device which 
is capable of providing control in transfer of signals tiierefrom to various 

25 vocoders. PBX switch 12 may be a digital device which provides analog 
or digital voice signal, in addition to digital data signals on a common 
bus, via weU known techniques such as a time multiplexed format, to 
and ftom tiie various vocoders. Voice caUs received firam PBX switch 12 
are digitaUy encoded, if not previously digitized, by a vocoder of a 

30 selected vocoder - channel unit pair, such as vocoder 22A of the 
vocoder - channel unit pair cranprised of vocoder 22A and channel unit 
20A. The selected vocoder places the voice in a format which is 
preferred for CDMA encoding and tiransmission. Further detaUs on the 
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vocoder is discussed later herein. The channel unit of tiie selected 
vocoder - channel unit pair, provides CDMA encoding, and other 
encoding, of the digitsOly encoded voice signal to be transmitted to a 
mobile unit It should be understood that digitized data may also be 
5 transmitted through PBX switch 12 which although are not digitized are 
formatted for transfer for CDMA encoding and transmission. The 
vocoder and channel unit ate discussed in further detail later herein. 

The CDMA encoded signal is output from tiie respective channel 
unit to transceiver 24 for frequency conversion to the appropriate 

1 0 trammission frequency and power confrolled in transmission. The RF 
signal is provided to an antenna system 26 which is in the form of a 
distributed antennas 28A - 281 with delay elements 30A - 30J disposed 
between adjacent antennas. Antennas 28A - 281 may be generally 
configured as omnidirectional anteniuis or directional antennas have a 

15 specific pattern. DeUy elements 30A-30J may be simple delay lines such 
as lengths of coaxial cabling, or other well known active or passhre delay 
elements, capable of providing a one microsecond (1 usee) delay itself or 
in combination with the interconnection cabling. It should be 
understood that ottier means such as optical fibers may be used as the 

20 transmission lines between transceiver 24 and antenna system 26. 
Furthermore, such means may also be used between antenna 
themselves, and with optical delay devices and proper RF-Optic 
interfacing with the antennas. 

Figure 2 provides an illustration of an exemplary antenna pattern 

25 for a series of anteimas configured in accordance with the present 
invention. The antenna pattern as illustrated m Rgure 2 is generated by 
a series of omnidirectional antennas each defining a separate antenna 
pattern 40A - 401 that is preferably overlapping with tiw pattern of an 
adjacent antenna. The overlapping of patterns provides continuous 

30 antemui coverage, for the desired area. The antennas are coupled in 
series in an exemplary msmner such as indicated by line 42. 

It should be understood that the anteimas may be designed to be 
positioned such that their patterns are substantially or completely 
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overlapping in area of coverage. In such an arrangement a delay is 
provided in ttie antennal feeds to provide a time diversity in signals. 
Such an arrangement' creates a multipath environment wherein 
diversity is provided for signal discrimination purposes. This technique 
5 is appUcable to ttie microceU environment where additional multipath 
is desirable However such a technique is particularly appUcable to the 
CDMA cellular mobile telephone environment where multipath signals 
are not inherently produced by the terrain. Such is the case in flat open 
areas where signal reflections, and hence mvdtipatii, are at a minimum. 

1 0 • Utilization of this technique provides antenna diversity in the cell-to- 
mobile link with a single antenna. 

It should abo be understood that various modifications to the 
antenna system of Figure 1 may be constructed. For example, it is 
envisioned that parallel strings of seriaUy connected antennas with a 

15 feed from a common source may be utilized. In such an arrangement 
delay elements woidd be used as necessary in the feed lines. These delay 
elements would provide a delay between signals as radiated from the 
antennas such that the same signal is radiated from a different antenna 
ata di^oittime. 

2 0 Figure 3 ilhisttates an alternate embodiment of antenna system 26 

for tiie wireless PBX system of Hgure 1. In Hgure 3 antenna system 26' is 
comprised of central or local antenna 50 coupled to transceiver 26 in 
place of antennas 28A - 281 and delay elements 30A - 30J. A series of 
remote antenna systems 52A - 521 are remotely located from antenna 50. 

25 Each of remote antenna systems 52A - 521 is comprised of a hi^ gain 
antenna 54A- 541, delay element 56A -561, and remote antenna 58A-58L 
In this embodiment the distribution of signals within the antenna 
system is accomplished witihout the use of cabling. 

In antenna system 26' signals tarn transceiver 24 are radiated by 

30 local antenna 50 to each of high gain antennas 54A - 541, typically a 
directional antenna, where it is amplified as received. The amplified 
signal is then delayed by a predetermined amount, typically greater than 
one microsecan4 by a corresponding delay element 56A-56L Thedelay 
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period of each of delay elements 56A - 561 is different bom one another 
typically by a multiple of the one microsecond delay period. The signal is 
output from each delay element to a corresponding remote 
antenna 58A - 581 where the signal is re-radiated. 
5 Conversely, signals transmitted by a mobile unit are received by 

one or more of remote anteima 58A - 581 where input to a corresponding 
delay element 56A - 56L Delay element 56A - 561 again provide a 
predetermined delay in the received signal with the delayed signal 
provided to a corresponding one of high gain antennas 54A - 541. High 
1 0 gain antennas 54A - 541 amplify and radiate the signal to local anterma 
50. 

The antenna system of the present invention is unique to the 
application microcellular system herein. As mentioned previously, 
control of signal power is an important aspect of a CDMA telephone 

1 5 system in order to realize increases in user capacity. A conventional 
omnidirectional antenna radiates a signal roughly equally in all 
directioits. The signal strength is reduced with radial distance from the 
anteima according to the propagation characteristics of the physical 
environment The propagation law may vary from inverse square law 

20 to inverse 5.5 power law of the radial distance. 

A cell that is designed to serve a certain radius must transmit at a 
sufficient power level so that a mobile unit at the edge of the cell will 
receive an adequate signal power level. Mobile imits that are doser than 
the edge of the cell will receive a greater than adequate signal power 

25 level. Directional antennas beams can be formed using a variety of 
techniques known in the art. However, the forming of directional 
beams cannot alter the propagation law. Coverage of a desired area by a 
radio signal can be obtained by a combination of antenna pattern, 
antenna placement and transmitter power. 

30 The use of a distributed antenna system provides the desired 

antenna pattern, such as coverage of a hallway of a building, where each 
antenna element proyides limited coverage. In providing limited 
antenna coverage the power neassary to readi a mobile unit within the 
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" '^^"^ever, tl«e is a pr*lem with multiple «^ .11 "diaftig 
a,esaineagnaL Itee wffi be areas, patlkulady near p<*«seqa.*«»« 
Sr^o of fte >^ whe« *e signal. 

^ *e two anienna, that c,»^ each ott«. P*..s 
^ycaaodaiesetaratedbyapptoxin^telyaneJ^lfwavetength. iUMO 

^X^isequaltol7^anordx»t7incbes. If two signals amve at the 
a. e<pua *eng<h inrt opposite in phase, then they may 

^.r^th falg, diversity is the hest '^^^^^''^'^^ 
feding. IteOJMA system design provides several methods of diversity 

for mitigation of multipath fading. . Ji^^i™. a 

^ above mentioned copending patent apphcat»n» disclose a 

cdlulTtdephone system that oses a CDMA modulation W.& a 
^^^dwidt^ multtple fonn. of diversity, »«d very careM 
^^powercontmL Qnemethodof dive»ltyi.theprov»«mcrf. 

architectore in wMd. multiple receivers are p«mded, 
^^Jof receiving a signal that has traveled a aiK«ent patoa^ 

^ exhibits a di^t deUy. Induded is » ^^^'^ 
,«dver wMd. continuously scans the lime domam looking far fte best 

•u. .sisiiminE ttie multiple recavers accordingly. 

tZ"^ of diLity is path diversity, in paih dlv«sity, 
^ si^is radiated tan multiple antennas located in dHferent places 
!^Cp'oviding more than one propagation path. « "^f 
proL acceptable »mnmnlcation p.*s«, m6bUe 
.Mdverthenpathaversityfadingmltigaaraicanbeobtained. 
"^^l^Lro^n syL. H i. desired to pnivide muWpte anten»» 
to ord^ to provide coverage in a desired coverage area but fte capac^ 
Jfte system does not require tot each antenna be supplied 
T^^U L of Signals as in the conventional ^-^JT^ 
^.d, to minimize the cost, it is desired to feed some or all of t^ 
^ in .he microceUsyst^n with the same BF signals. Inareasof 
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the microceU system where good paths are possible to two or more of the 
antennas then patii diversity can be obtained. 

The problem wifli feeding the antennas of the microcell system 
with identically the same signals is ttiat phase canceUation can result m 
5 places where near equal signals are recdvedfi^m two or more antennas. 

What is desired is a ample, low cost way to distingmsh the signals 
feeding the different antemuis without adding significantly to the cost of 
the system. The method for so doing in the present invention is the 
addition of delay elements in the feeder lines between the base station 

1 0 transceiver and ihe antennas. .j j 

If the multiple antenna system described above is provided with 
delay lines in the feeders such that each anterma is driven by a sign^ one 
or more microseconds delayed from its neighbors, then the^multiple 
receiver architecture of the mobiles will allow the signal from each 

15 antenna to be received separately and to be coherency combined msu^ 

a way that cancellation will not occur. In fact, fadmg due to oth^ 
refledtions in the enviromnent can be greatiy mitigated by tiie disclosed 
technique because a form of path diversity is provided. 

A microceU is configured as a standard CDMA ceU^te as described 
20 in the above mentioned patent appUcations. m addition to tiie functions 
disclosed in these appUcations, the system includes an antenna syst^ 
witii multiple radiators instaUed tiuoughout the area to be covered by 
the microceU. The signals are distributed to the radiators by coaxial 
cables or other means. A one or more microsecond delay hne is 
25 included in series witiitiie cable connecting two adjacent aniemias. 

The mobUe units or terminals contain one or more CDMA 
receivers and a searcher receiver. The searcher scans the time dom^ 
determining what paths exist and which are tiie strongest patiis. ^e 
available CDMA receivers are then assigned to the st^ngest avaUable 
30 paths. The ceU-site receivers contain a similar capabUity. 

m the embodiment as iUustrated in Figure 3, tiie radiators are not 

actuaUy competed by cable but, rather, pick up tiie signal ^ro^ -^^ 
radiator using a high gain antemia. The signal picked up, amphfied by a 
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'^^^^Tlc^ is .«U*le anywhere 
«^ feeder ^ ^ about fte system, aH 

congregate within tne ceu j., 43^1, large ballrooms and 

s„ch situations. mephone systems, the Federal 

With respect to ^"^^^^^^ , «^ ol 25 MHz tor 

^TTTJ^^^-mobile links. The KC has 

fl« allocadon equally "^W'- ^" ..ea and the 

"•^ '^r?r^e:rLXma»o»..on.««e 
ottier Chosen by lottery. Because oim , ^^jjo^ link 

made/the 12.5 MHz allocated to each earner 

carriers, the 

2S is further subdi«l«i into two s^W»n^F^ ^^^^ 

„^ are each 10 MHZ =»f "^J^^ Thus, a 

^Triers, the sub*ands are eaA UJ^fe»»l^^^^ 

3^ ^widjh^le^ «»n^ ^ ,U ail but 

.ands, whUe . ^^^^^^^ is also appUcabie to the 

and more desitablein-certain instances. 
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TO preserve maximum flexibiUty in aUocating the CDMA 
5 2.5 MHz, aUowirig fuU flexibility to tne WIT using a 

10 bandvridth. „,„ ..rfidess PBX m Icxad kiop tdq>hone system, 

to , -P^^f^Z^^ waveform d«ign tevolves . 

airec se-pence ^"^^^^^^^^^^ copending 
^lephone system - ^<^^ ^^'ihe chip rate of the FN 
,5 P>'»'W"-'^'^"tS^ such that the resulting bandwidth. 

:rr^"r:^ « -ppro^ateiy one^ *e -1 
b.,,^^ aUocated «. one ceUul» s«vi» ^ 
^ consideration in the -^^^^^^^.^^ ^ 

power oiiw 1 ooftft MHz Le. 128 times 9600. 

-titr^-cSroTa.^^^ 

as ^-'^'^'^^^'^^to^dediSerentfun^^ 
^uences, ,„ a mlcroceU to provided 
An outer code IS shared ty au^ ^ The outer code may also 
discrimination between multipath sign^ 

SrrSL'tdetha,isusedtodi,c,inU...ebetween^^- 
signds transmitted by single sector or celL 
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The carrier waveform design in the preferred embodiment to Ite 
^ r^lLd sienals utilizes a sinusoidal earner tiiat is 
^croceU ^'^"""f J^^^^ed by a pair of binary FN sequences 
..adraph^e^urp^^-^^^ ^ 
that provxde the o,^a^^^^ 

Lm»d « torn. . coniposte f^^' ^ 

comaitionaUy used lo reptesenl tne cm y h 

signal a «ro w Wnary .e^H^ vBtag . m«WpB« 

1 S vol.age 1^ - ^--^^ * ^ be band U=d.ed by passing 

tough a bandpass filler. » » ^ ^oidal signal, 

binary sequent '^^^^'^t^I^- A ,uad,aphase 
'^/J^^lTbi^^ula.cL each ddven by a diSeren. 

-^H^a^ei:ri^j^^=:^ 

" Sa-"*^^^^'^'"^'^'^ U^^sul^ngsequence 
^oss^rtelaaon and aalbowelaHonpH)pethes. 

^s^L^ Short in lengtt. is desirable in «der to nun^ 
• t .^of the nobile units when ftey first enter the system 
acquKtwrnlune ofthen^ ^fl, timing, the enbre 

1^ of the sequence must b^ s«^^ a^ ^^^^ 

the tongerfte sequence, ae ta^^o^ Jl^ ,^ 
.ajure. AMiougJi sequences shorter than 3Z7« com 
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be u«testood tot as s«r«nce length is mlucrf, the cod. PH»»»« 
^JJ^ dong ^.h inl«fe«nce trom adjacent ceUs and ofter 

is a desiK to use a» longest ««i»et« tot can be acqoi^d m a re^orable 
also desi»We to us. fte s«ne code polynondals m .11 «Bs so 
STthl mobUe unit, not knowing what ceU it is in when uutj^y 
XiSg V««todo.. can obtain fuU synchronizatton by searchmg 

' '^AU^t^'^.ted by a nacroceU sha« the sa»e ou^ 
cedes to the I and Q channels, the signals are dso sp«ad w«h an »^ 
Xcnal code generatedby using Walshfunca-^. Asignal^-^ 
„ a particuto user is muldpUed by the outer PN sequences and by a 
partLr Walsh sequence, or sequence of Walsh sequences, ass.gned^ 
^system contniler for the duration of the user s telephone «n. Ihe 
dinner code is applied to bo* the I and Q channeb resultmg « a 

mrfulation which is e&cttvely bi-phase for the taner code. 

I, is weU known in fte art that a set of n orftogonal bmary 
sequences, ead. of length n, for n any power of 2 ""^j; ^ 

,,.^,,1 ,., ^„...,..ti»K .nth Sr.n - ftlTPlirnllflns. S.W. Golomb et aL, 

"e also known for most lengths whid. are multiples of four ««1 tess 
^tTohundred. One dass of such sequence, that is e«^ to g»era«u 
,au«. tt. Walsh funcdon, also k.»«» a. ™^ A W^ 

sequence is one of the row, of a Wd* f-"*™"*"^ ^ '^'^ 
fJdion of order n contains n sequence., Mdi of length n bits. 

Walsh function of order n (as weU as other orftogonal 
fiuKaons) has the prop«ty that over the interval of n "--^ »J™*°>J' 
^^Jelation be.we» an the different ^ 
lo „«Mdedftati»e sequences are time ahgnedwlh each ofter. Ttas 

ZZ^^ noting ftat every sequence differs from every other 
I^T^ctlyha^ofitsbits. u should also be ««ed that there « 
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one se-iuence — g an «»es »d *at an fl« o^er 

3,,^ c«Uain half on» and W£«.»^^ 

Sin«aU*a-g«aIs«^^^ This 

which . vanabte r,« channel who« .ta^^^^ 

.,«..aa.h^v*.^7-'-r ^reduces mutual 
1 0 data rate m use- ™ T° aa^snussions when Ihete is no 

^ speech to be transin«ed. Wock 
to generatag a varymg nu=*« rfMs m 

,5 *evo»dern.yp»dn«^d^^^^,^^„^ 
160 bits, depending on fteaamtjr y 

check code (CRCCjwiuciKiFF or not the block of data has 

been decoded correctly. CRCCchficKcoQ ^ q^^C consists of 
^.^.^ap^ete^bina^^^;^^ ^CHCc 

Lt^t seTo^r ^ceiled ««inde, bit, *e " 
regenerated Check Wts. ^^^^^ ^^^^^^s the 

"^•"^•^"^X^^SitXresultsinao^ect 
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L p»«d »» to *e system's signal p»cessor where ofter 
™:essingoperati(HBcanoptk>i«dlybepetfoni^ 
■"T^J microceU tr«»mi«e., the power of the «.n»»«ed 
S wavefonn is varied as tte data rrte of fte block is varied. The taghes^ 
ri1r»ses the highest carrier power. When the data rale « lower 

each encoded data symbol a number of times - 'equ^ed^ 
Sieve the de«red transmission rale. For example, at the lowest 
10 transmission rate, each encoded symbol is repealed four bmes. 

to Ihe mobile transmitter, the pe* power i. held constat tat te 

ttansmitler is gated off 1/2, or 1/4 or 1/8 <rf the time to «cord,nce wi* 
rZ^erofbitstobewnsmittedinthedalablod. The posifons of 
Z o^es of the transmitter is varied pseudo^arviomly ir. accordance 

«'*'^-S:r^^«^^SerialNo../^,«ef.«» 
CelWo-Mobfle link, U. Mi««ll*>.Mobne link as used in *e ^l^ 
teein the Walsh function size n, is set equal to SDcty-four (n . 64) to 
S^^^Lile link. Therefore each of up to sixty-four d^er«,t 
20 ^iTbe tr««mitt«i are assigned a unique orthogo^ sequen^ 
^r.liern.correcHan(FEQencodedsymbols.reamfore,chv«« 

I^«^don is muldpued by its assigned Walsh 
^rf/PEC encoded symbol stream for each voice channel is then 
L^^piS by *e outrm cod«l waveform. The resultant ^ad 
,5 Z^^arethenaddedtogetheriofbrmacompceitewavefornu 

25 ^^eform is then modulated onto a 

sinu^rfdal carrier, bandpass fi««ed, tr«»la.ed » ^ <^ 
fte<mency, amplified and radiated by the antenna system. Alternate 

'of the present invention may interchange *e <»d r^rf 
< A. h.st described operations for forming the cell-site 
" ^"sS'rxamp.e.'^tn.ybepr.erredtom^ea^ 

vrice chamtel by the outer PN coded waveform and 

fl^ opera J prior to summation of an the Channel «gn.ls be 
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\. ^ unwell known in ihe art that the order of 

a« Saocett-la-mobfle link as described m U5. 
5 eerier 'PP-^^^;*^ ™'=^ uses the all^o We^h 

Pa«n. ^''"^^ an zeroes that is J«»d m 

«^ce, » Walsh se^ ^ j„ ^ 

'-ir^rhrr:a""re^L«Moc.ed.o.he 
sj^mzationhasb^n oD ^^^^ ^^^^^ 

"*'^"S,r^ttran»nit.ed at a higher po«er level than a 
•the pilot camet is inu» ^ 

epical voice -^J°J^j:?:f«|rTow^eveI pUot carrie. 
interference margin for this ^S^'f^ » s d and to 

20 enah.estheini.i.l.ar^^-j^^'^^^l^^Le'o.thepil^ 

phase obtained fcomtracMngm f modutated by user 

Terence ""^tl^t lTprylr carriers to share 

25 tafi>n»»«™^-,J^,^^ phase reft^ 

common P^°^^^^ ^ ^.aneous Wee carriers, the 

30 '^:.aaditionto...pU.»^«,-^^^^^^^ 
„^ed by a.^^^ uses the 
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^•«.«.nt ore-assiened Walsh sequence. The synchroniaition channel 

r^rs. message eo^.r-rr^^rc^- 

tt« mobUes in tt« sys«»u Ite system in<6nn«»n ^^^J^ 
«te »d the system »«i cmveys tafonnaton dlowmg ft. l™? ™ »te 

5 ^ for mobae Womution signals to be »y»*««^ T.*^* 
seaHMng. A«*« chamel, called the pagmg cham«l may 

rp^^eTT^^ ^ to mobfle units indicating *at a caU 
JiLCved for tl«m, and to »spond with cham«l assignments when a 



mobile unit initiates a caU. ^,i,„.™dv 
Each vdce carrier transmits a digital representation of the speech 
a Xh^calL The analog speech waveform is digiB«d mrng 
telephone tech.<,ues ,^ ^^^^ 

"•"ITr^encoded symbols are mnl«pUed by an assigned 

WaW.^^ J then muiapli«l by the outer FN cod. pro^ 
!«dK in a FN sequence rate of 15288 MHz or 128 tunes aie 9600 date 

L r^^ng signal is then modulated onto an RF carrier and 

ZJtZT^^-^ setup carrier, along 

triers. Summation may be accomplished at several 

r^^sing such as « the IF ftequency, or at the baseband fre-pency 

dthL before or after muMpHcation by the FN sequence. 

^v^ carrier is al«. multipUed by a value that sets .te 
«,n.n^ ^ relative to the power of *e other voice carr^ers^ ™- 
;^LJ^ feature dlows power to be aUocated to those bnks ^. 
^ higher power due to the intended recipient bemg m a relauv^ 
S^loc^ Mea™ are pn>vided to the mobUes to report the« 
^sUto-^ „ao to allow .he power to be se, at a level «, as 
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naaintained. diaiaam form flie exemplary 

S Pig„,e 4 mustta^s » "°f^7"com>«m «, both »f fte 

receiver and «a»«eiv« P"*^/,^^ 24 of iaoceU U is 

dam^ ™it 20A, is compri^d o£ searcher 
1 0 of the =^^.-"^^^,06 and decoder drcuitty 108. The 
receiver 104, daptl *"» "^^^^ ^onal digital data receiver 
receiver system may also mclude » P embodimetrt of analog 
^ '"*"jr^;X^2»Sed,lNo.07/543^6. 
«dv«100arepK.videdmcop^>d^W tadudes CDMA controUer 

18 wMch is coupled to '"'^^^ , other functions, as 

^^1,.. «'^^^;^^';^«ming Signal 

Walsh se^uen* J^'oflSrela^d tocHons. 

generation, power cortrcl and vfflo ^ j^^ 

20 agndsre^cna^-^^PXm^^ 

receiver IM and A^^^^, aomain about ihe received 

104is usedtoattenucr^U"/^ ^ 

^ to ensure tot digital data ««^."^' ^ 104 

" n^dr^^J^--.cangtheapprop.i..ere«i^ 

'^^r^^prccessingintonu^o.da.^^^ 

re^.. i, different to sev^ ^^e^-Z^d, I reverse or 
30 s^-^J-^^r^XltdoTsnottransnatapao^ 

^r^ce purposes in signal procesang at 
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„<„<ohere„. modul.ti«. »«i den»d»la«an scheme ustag 64^ 

encoding is the "^^^^^^ ^^^eiver 104 and digital data 

KKjuenoesmuslbegeneratea rui .i^^^gaid No. 07/543/496. 
JbOe »it sign* «e in copendmg fP^^^TyoB of . type 

Each data lecenrer ttaa« «hri,jue of 

e^ang to maved signal by » / ^ ^^^^ PN. 

XV, received signal wifli a sU^tty late wcai rac 

25 «»«^«^ fllTtwo cotreUtiom wffl 

The difference be.^*»f^ ^,^^,,U^aas 

ttiere U no tuning enor. convenwy, .j rf— -t the enor and the 
diHerence will indicate the oagmtttde and s«n of the eKO 

^«.s«™^i.,dJ^a«o^^ to the appropriate transmit 
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COMA condone. 18 spread ^V^J^^ 

pcwet conliol arcmtty 114 whare j ^^^y 114 

, lS^^^c^-y^^^^^°r«.*eo„tp«.of 
is provided to summer 116 wiiere ^^^^ 

" ll^isT^rd to transmitter porto of 
1 0 output of summer 116 ■» provia ^^^^^ 

118. Tteusmit power amphf^r arcm^ 1» P ^ 
<„^t Via dipUxer 100 to '^'^ ^ 

transmit power control arcmtry 120 wmcn y 

referred embodiment, Vhisk fimcBon encoding of the 
to the preferred emoo _ i„ exemplary 

25 chanrel rignaU is employed » fte>^^^ ^ „^^ 

as ^f^^'J^'^aX-Bd to the pOo. sync 
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The pUot channel contains no data modulation is 
as an nnmodnlated spread '^^fj^ 
users of a parttcular ceU-dte or sector use for acqoMtKm or U«kmi 
Lch cell, cr If divided info sectors, e«* s«W has . unKpe 

Le«r,r,.herth»u.ingail»-»«mge«era*^^ 
r. 1^. „ is -allzedttat a more effldenl way to generate different 
!^ ZS^fo^^inthes^nebasUse^ce. Utilizing this 
'J^^l-ne umt sequentially s««hes the whole se,u»ce »jd 
fte offeet or shift .hat produces the '^^ "^'^ ^ 
«s shtf, of the basic sequent, the shifts 
rfl,^ to adiacenl cells or sectors must not interfere or cancel. 

;,e pS sequence must .h=«fore be long enough that m».y 
differ Jt s^en Jean be g««a.ed by shifts in the ba»c sequence to 
a iTge number of pttol signals in fte system. Purftermore, fte 
shifts must ^= great enough to ensure that there « no 

Srf^inpUotsignals. -^y'^::!^t^-^ 

•^Td trC^ > P^^" is detected M the 
^ I^i^^e are ch<L to be 512 different^, sign^ 
^Sts™ the basic se^ence of 64 chips. However, offset nu.y be 
;:^^ap,es of the 64 chip offset with a corresponding reduchon m 

„hich^:fau'-^isusedsoastonotm<^«^^s.sna^ 
„hiA in essence is the PNi and PNq sequences. The Walsh zero (Wo; 
^^tXefore m^HpUed by the PN, ««i PNq sequen«s m 
^XoR gates. The resulting pilot signal thus conl^ns only the 

^ oen^ites and sectors having the same TO 

far fte rilot signd, the distinguishing feature between ceU-s.tes 
^ ^n=^r*e transmission is the phase of the sequence. 

" "^I^S^tlnation is encoded and then multipUed in 
e^us^r^ by a preassigned Walsh sequence, m the exemplary 
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.1, coi^rted Walsh function is the (W32) sequence which 
e^dim^t, *«^^'3j:^-tuowedby 32 "zeros". Theresulting 
::^^rsX^.^li^^^^ the ... ^ PNo sequences . 
exdu»i«^ gates- date tafonnatton 

r t^r^rrrT^ — .a. . p^^^m, 

the exemplary ^ , . i/j ^fc a consttainl lenglii K - 9, 

„»volalioaa]ly 'This encoding rate and »nswin. 

^* each code .ymWr^t^ p^gtag 

10 a shift register sttucfc^ i. 

andvoioe. to an exemplary r, - 753 (octal) and G2 - 561 

"'^^r "xtrto thts^?:^?!: . i 

interleaver spamung "^inS^a,* I . 16 and J = 48. Further 
tentative parameters th^ . ^„..„,„Hon, Ife BmtlilJBd 

details on interleaving « Th effect of the 

S^HowardW.SamstC^^a^^ 

20 convolu.ion.1 in.^ ^^^^„ence of M or fewer symbob 

ter^rsymbols in a ddnterleaver output. 
^ separated by at least J J^^^ j-i symbols 

TTT^ irI^ - «. to a string of 15 symbol., »^ 

fu or « ^ch»Ll information bits. 1^ sync charmd 
30 code symbols or « ^ ^^1^^ which spans 

t'l^tesyncch.rmdin.edeaversynchrom^ 
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-n^ sync channel symbols are covered by the preassigned Walsh 
sequen^tl'^rovide orthl^onaHty in the signal. In the^charm^ 

Z «v«Ll soans four cover sequences, Le. one code symbol to four 
one a,de ^y^^^^^, JTsequenoe, as illustrated in Figure 6. 

^^32 W Walsh^ps while a single logical "zero represents the 
^™ 0732 W Walsh chips. Orthogonality in the sync channd 
t^^lea even though the sync channel symbols a. shewed 
^rrespect to absolute time depending upon the associated pdot 
sync channel shifts are integer multiples of the Walsh 

'"""xhe sync channel messages in the exemplary «nbo^ are 

address is initialized to J, sucn inai / 

of a ^ . PN g««.«» for *e v»« Chanel assigned for *e 

, "^Vging channel h*.rn««on is a.«>e«od^ -th«pea.^ 
^ miiltiplied by a preasdgned Walsh seqaaice . the 

Je of *e paging cha-l P^»»« " 
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ISrt,'^ one . «U»^ «e^-. 

i^U^. scranMed, muMpli«lby assigned Wish -I^" ^ 
^ L to m^WpBed by fte FN. a«d PNq sequences, ^e Walsh 
' !^ used by a particulai channel is assigned by the system 
"^tt!^C «^ in*e same n«nner as channels a« assigned 

Z^J^m om. sys^n. in *e exempU^ e.*o^ 
he^in, up «>« difi^ Walsh se<r«nces a.e avaUabW far 

"^f J^^^^odimen. of *e P^ ^«<-V.*e ^ 

r„^,...^^by^a^-,^ird 

mcopeniuxe ^^^^ ^ ^ ^jg^ assigned to tiie 

^"^"^ ^'tt^preseattovention. Such a vocoder produces data at four 

rySis^i::i.:^rrnrr*e ^.pec.^ aa. 

"'*'^;:^rvlf^'S ,<*eme is dewsed « ^duce interferen., 

s^;^^rr^cZ'"X.H./^»dH^e„he„ 

STinfemiaUon bit energy for tte 9.6 H^>s transnussion rate. 

are^^rleaved by a convolutional int^lea^r 

such t^c^ sy^ "^^ ' 
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the operation of the interleaver. In order to keep trade of what energy 
levelVcode symbol should have a label is attached to ^Y^^ 
spedfying its data rate for scaling purposes. After orthogonal Wa^ 
cSLi PN spreading, the quadrature channels are digitaUy filtered 
5 by a Finite impulse Response (FIR)fUter. me FIR filter will receive a 

signal corresponding to the symbol energy level in order to accomphsh 
e^scalirVaccording to the data rate. Tl^ I and Q channels vail be 
scaledby factors of. 1, 1/^, 1/2, or 1/2^2. In one implementation the 
vocoder would provide a data rate label in the form of a l-bit number to 
10 the HRmter for controlling the filter scaling coefHdent. 

In the exemplary embodiment, each voice channel signal is 
scrambled to provide greater security in cell-to-mobile transmissions. 
Although such scrambling is not required it does enhance the security m 
commlcations. For example, scrambling of ^ vcice 
may be accomplished by FN coding the voice channel signals with a FN 
code determined by Ihe mobile unit address of user ID. Such scrambbng 
irtay use the PNu sequence or encryption scheme as discussed witii 
refience to Figure 3 with respect to the particular receiver for Ae 
mobile-to-cell communications. Accordingly, a separate PN generator 
may be implemented for this ftmction. Although saambling is disa^ 
witti reference to a PN sequence, scrambling may be accompUshed by 
other techniques including those well known in the art. 

In addition to voice bits, the forward link voice channel cames 
power control information. The power control bit rate is in the 
exemplary embodiment 800 bps. The cell-site receiver which is 
demodulating the mobUe-to-microceU signal from a given mobile^ 
generates the power omtrol information which is in^^ 
mobile voice channel addressed to that particular -obile. FurAer 
details on the power control feature is disclosed in the above identified 

interleaver by means of a technique called code symbol puncturiiig. In 
other words, whenever a power control bit needs to be transmitted two 



15 



20 



25 



wo 92/10890 



36 



PCTA)S91/0929S 



code symbols aie replaced by two identical code symbols «>* 

riven by the power conirol tafomation. Mbteovet, power ««*oI Ws 

^ttaiL*datfteenagyIevdcorrespondtagtofl»9600l.psb*ate. 

An addittonal constraint imposed on the power control 
5 information stream is ftatae position of fte bits m«« be random^ed 

l„g mobil^t^eU ch^mels. Oti^n^ise ti« fun energy P^«^^ 
bits wonld generate spkes of interference at regular mlervals, tims 
dinjiUshingtliedeteclabiUtyofsudibils. ..■,..„h„, 
^^ characteristic of Interest in fte Walsh fanclK)n u, that each of 
,0 fl« 64 sequences is peifecfly orthogonal to all of the other se-pences. AS 
s^».?pair of sequences dito in exactiy as n^ bit positions as *ey^ 

.g«;, il Vz over an interval of 64 symbols. Thus when WannaWn 
^ZLd tor transmission by the Walsh sequences fte receiver »nll be 
S^JtL any one of ti» Walsh sequences as a desired -earner" signal. 
IS ^td^en«gy encoded onto fl« ofter Wdsh sequence. «dl be 
^'ct^'^Lrt Lit in mutual interim to the desired ««Wa,sh 

''^T.he exemplary embodiment for the .riWo-mobOe link, Ihe sync 

o,dne and voice dannels as mentioned previously use convolutional 
20 S^nons.r.intle.gti.K.«and»dera.er = W.that^,two 
^LJ^symbols are produced and transmitted for every u^nnat.^^ bit 
rTtTmltted. in addition to the convolutiona^ encodjn^ 
c„„™l«ttonal interleaving of symbol data is furtt^r emplo^d. tt « 
Zb^r envisioned tt«t repetition is also utili^ in ""H"*- 
25 ti^ convolutional encoding. At the mobile umt ttve ophm»m^« 
fte IMS type of code is fl« soft decision Viterbi ^^^J^J" 
^dard^ign can be used for decoding purposes. The resulting 
d^ information bus are passed to tta mcWle unit digital bas^and 

30 conl«>ller 18 h» the responsibility for ,ssignm«.t of 

' chann^Lts and vocoder to a particular calLCDM/^control^^ 

^ a« progress of the cdl, qudlty of ti» signals and nutates 

teardown on loss of signal. 
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In the mobile^to-microceU link, tiie channel characteristics dictate 
that the modulation technique be modified. In particular, the use of a 
pilot carrier as is used in the cell-to-mobile link is no longer feasible. 
The pilot carrier must be more powerful than a voice carrier in order to 
5 provide a good phase reference for data modulation. With the microcell 
transmitting many simultaneous voice carriers, a single pilot sigiml can 
be shared by all the voice carriers. Therefore, the pilot signal power per 
voice carrier is quite small. 

In the mobile-to-microcell link, however, there is usually only a 
1 0 single voice carrier per mobile- If a pilot were used, it would require 
significantly more power than the voice carrier. This situation is clearly 
not desirable since overall system capacity would be greatiy reduced due 
to the interference caused by the presence of a larger niunber of high 
power pilot sigiuils. Therefore, a modulation capable of efficient 
1 5 demodulation without a pilot signal must be used. 

Thus, a form of orthogcmal signaling such as binary, quaternary or 
m-ary signalling should be employed. In the exemplary embodiment, a 
64-ary orthogonal signaling technique is employed using Walsh 
functions. The demodulator for m-ary orthogonal signaling requires 
20 channel coherence only over the duration of transmission of the m-ary 
symbol. In the exemplary embodiment, this is only two bit times. 

The mobile unit transmitted signals are direct sequence spread 
spectrum signals that are modxilated by a PN sequence clocked at a 
predetermined rate, which in the preferred embodiment is 1.2288 MHz. 
25 This dock rate is chosen to be an integer multiple of the baseband data 
rateof 9-6Kbps. 

The message encoding and modulation process begins with a 
convolutional encoder of constraint lengtti K = 9 and code rate r = 1/3. 
At a i)ominal data rate of 9600 bits per second, the encoder produces 
30 28800 binary symbols per second. These are grouped into characters 
containing 6 symbols each at a rate of 4800 characters per second with 
there being 64 possible characters. Each character is eiuroded into a length 
64 Walsh sequence containing 64 binary bits or "chips." The 64-ary 
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Walsh chip rate is 307,200 chips per second in the exemplary 
embodiment. 

The Walsh chips are then "covered" or multiplied by a PN 
sequence running at the rate of 1.2288 MHz. Each mobile unit is assigned 
5 a unique PN sequence for this purpose. This PN sequence can either be 
assigned only for the duration of the call or assigned permanently to the 
mobile unit The assigned PN sequence is referred to herein as the user 
PN sequence. The user PN sequence generator runs at a dock rate of 
1.2288 MHz and so as to produce four PN chips for every Walsh chip. 

1 0 Finally, a pair of short, lengfli 32768, PN sequences are generated. 

In the exemplary embodiment, the same sequences are used as for the 
ceU-to-mobile link. The user PN sequence covered Walsh chip sequence 
is then covered or multipUed by each of the two short PN sequences. 
The two resulting sequences then bi-phase modulate a quadrature pair of 

15 sinusoids and are summed into a single signaL The resulting signal is 
then bandpass filtered, translated to the final RF frequency, an^lified, 
filtered and radiated by the antenna of the mobile unit As was discussed 
with reference to the cell-to-mobile signal, the ordering of die filtering, 
ampUfication, translation and modulation operations may be 

20 interchanged. 

Jrt an alternative embodiment, two different phases of the user PN 
code might be produced and used to modulate the two carrier phases of 
the quadraphase waveform, dispensing with the need for using the 
length 32768 sequences. In yet another alternative, the mobUe-to-ceU 

26 link might utilize only bi-phase modulation, also dispensing with the 
need for the short sequences. 

The microceU receiver for each signal produces the short PN 
sequences and the user PN sequence for eadi active mobile signal being 
received. The receiver correlates tiie receded signal energy witii each of 

30 the coded waveforms in separate correlators. Each of the correlator 
outputs is then sqjaratdy processed to demodulate the 64^ encoding 
and the convolutional coding using a Fast Hadamard Transform 
processor and a ^terbi algorifem decoder. 
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Figure 5 illustrates in block diagram form an exemplary mobile 
unit CDMA telephone set The mobile unit CDMA telephone set 
includes an antenna 200 which is coupled through diplexer 202 to analog 
receiver 204 and transmit power amplifier 206. Antenna 200 and 
5 diplexer 202 are of standard design and permit simultaneous 
transmission and reception through a single anteiuia. Antenna 200 
collects transmitted signals and provides them through diplexer 202 to 
analog receiver 204. 

Receiver 204 receives the RF frequency signals from diplexer 202 

1 0 which are typically in the 850 MHz frequency band for amplification and 
frequency downconversion to an IF frequency. This translation process 
is accomplished using a firequency synthesizer of standard design which 
permits ttie receiver to be tuned to any of the frequencies within the 
receive frequency band of tiie overall cellular telephone frequency band. 

1 5 The signals are also filtered and digitized for providing to digital data 
receivers 210 and 212 along with searcher receiver 214. Further details of 
of an exemplary embodiment of receivers 204, 210, 212 and 214 are 
illustrated in copending application Serial No. 07/543,496. 

Receiver 204 also petlorms a power control function for adjusting 

20 the transmit power of tiie mobile imit Receiver 204 generates an analog 
power control signal that is provided to transmit power control circuitry 
208. 

In Figure 5, the digitized signal output from receiver 204 is 
provided to digital data receivers 210 and 212 and to searcher receiver 

25 214. It should be imderstood that an inexpensive, low performance 
mobile unit might have only a single data receiver while higher 
perfonxiance units may have two or more to allow diversity reception. 

The digitized IF signal may contain the signals of many on*going 
calls together with the pilot carriers transmitted by the current cell-site 

3 0 and all neighboring cell-sites. The function of the receivers 210 and 212 
are to correlate the IF samples with the proper PN sequence. This 
correlation process provides a property that is well-known in the art as 
"processing gain" which enhances the signal-to-interferenc^ ratio of a 
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signal matching the proper PN sequence while not enhancing other 
signals. Correlation output is then synchronously detected using the 
pilot carrier from the dosest ceU-site as a carrier phase reference. The 
result of this detection process is a sequence of encoded data symboils. 
5 A property of tiiePN sequence as used in tiie present invention is 

that discrimination is provided against multipath signals. When the 
signal arrives at.tiie mobile receiver after passing through more than 
one path, there will be a difference in ttie reception time of the signal. 
This reception time difference corresponds to the difference in distance 

10 divided by file velocity of propagation. If tiiis time difference exceeds 
one microsecond, then the correlation process wiU discriminate between 
the paths. The receiver can choose whether to track and receive the 
earlier or later palh. If two receivers are provided, such as receivers 210 
and 212, then two independent paths can be tracked and processed in 

1 .5 paralleL 

Searcher receiver 214^ under control of control processor 216 is for 
continuously scanning the time domain around the nominal time of a 
receded pQot signal of the microcell for other midti-path pUot signals. 
Receiver 214 will measure the strength of any reception of a desired 

20 waveform at times other than the nominal tune. Recehrer 214 compares 
signal strength in tiie received signals. Receiver 214 provides a signal 
strength signal to control processor 214 indicative of the stirongest 
signals. Processor 216 provides control signals to data receivers 210 and 
212 for each to process a different one of the strongest signals. 

2 5 Control processor 216 also includes a PN generator which 

generates the user PN sequence in response to an input mobUe unit 
address or user ID. The PN sequence output from tiie PN generator is 
provided to diversity combiner and decoder drcuitry 218. Since the 
miaoceU-to-mobile signal is scrambled with the mobUe user address PN 

30 sequence, the output from fee PN generator is used in descrambling the 
ceU-^te tiransnuttfid sigiial intended for this mobUe user similar to 
as in the microcett recehrer. The PN generator specifically provides the 
output PN sequence to deinterleaver and decoder drcuity where it is 
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used to descramble the scrambled user data. Altliough scrambling is 
discussed with reference to a PN sequence, it is envisioned ttiat other 
scrambling techniques including those well known in ttie art may be 
utilized. 

5 The outputs of receivers 210 and 212 are thus provided to diversity 

combiner and decoder circuitry 218. The diversity combiner circuitry 
contained within circuitry 218 simply adjusts the timing of the two 
streams of received symbols into alignment and adds them together. 
This addition process may be proceeded by multipljdng the two streams 

10 by a number corresponding to the relative signal strengths of the two 
streams. This operation can be considered a maximal ratio diversity 
combiner. The resulting combined signal stream is then decoded using a 
forward error detection (FEC) decoder also contained within circuitry 218. 
The usual digital baseband equipment is a digital vocoder system. The 

1 5 CDMA system is designed to accommodate a variety of different vocoder 
designs. 

Baseband circuitry 220 typically includes a digital vocoder (not 
shown) which may be a variable rate t5rpe as disclosed in the previously 
mentioned copending patent application. Baseband circuitry 220 further 
20 serves as an interface with a handset or any other type of peripheral 
device. Baseband circuitry 220 accommodates a variety of different 
vocoder designs. Baseband drcuitry 220 provides output information 
signals to the user in accordance with the information provided thereto 
from drcuitry 218. 

25 In the mobile-to-microcell link, user analog voice signals are 

typically provided through a handset as an input to baseband circuitry 
220 . Baseband circuitry 220 includes an analog to digital (A/D) converter 
(not shown) which converts the analog signal to digital form. The 
digital signal is provided to the digital vocoder w The 

3 0 vocoder output is provided to a forward error correction (FEC) encoding 
circuit (not shoWn) for error correction. In thie exemplary embodiment 
the error correction encoding implemented is of a convolutional 
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encoding scheme. The digitized encoded signal is output from baseband 
drcuitry 220 to transmit modulator 222 . 

Transmit modulator 222 first Walsh ena>des the transmit data 
and then modulates the encoded signal on a PN carrier signal whose EN 
5 sequence is chosen according to the assigned address function for the calL 
The FN sequence is determined by control processor 216 from call setup 
information that is transmitted by tiie cell-site and decoded by reaivers 
210 and 212, and control processor 216. In the alternative, control 
processor 216 may determine the PN sequence through prearrangement 
1 0 with the cell-site. Control processor 216 provides the PN sequence 
information to transmit modulator 222 and to receivers 210 and 212 for 
call decoding. 

The output of transmit modulator 222 is provided to transmit 
power control circuitry 208. Signal transmission power is controlled by 

15 the analog power control signal provided from receiver 204. Control bits 
transmitted by the rnicrocell in tiie form power adjustment command 
are processed by data receivers 210 and 212. The power adjustment 
command is used by control processor 216 in setting the power level in 
mobile imit transmissioiu In response to this command, control 

2 0 processor 216 generates a digital power control signal tiiat is provided to 
circuitry 208. Further information on the relationship of receivers 210, 
212 and 214, control processor 216 and transmit power control 208 with 
respect to power control is furtiiex described in the above-mentioned 
copending patent application. 

25 Transmit power control circuitry 208 outputs the power controlled 

modulated signal to transmit power amplifier drcuitry 206. Circuitry 206 
amplifies and converts the IF signal to an RF frequency by mbdng witii a 
fi-equency synthesizer output signal which tunes the sigxial to tiie proper 
output firequency. Circuitry 206 includes an amplifier whidi amplifies 

30 the power to a final ou^t level. The intended transmission signal is 
output ftom circuitry 206 to diplexer 202. Diplexer 202 couples tiie signal 
to antenna 200 for transmission to the microcelL 
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With respect to transmission by the mobile unit, the mobile user 
analog voice signal is first passed through a digital vocoder. Ihe vocoder 
output is then, in sequence, convolution^ forward error correction 
(FEC) encoded, 64^ orthogonal sequence encoded and modulated on a 
5 FN carrier signal The 64-ary orthogonal sequence is generated by a 
Walsh function encoder. The encoder is controUed by collecting six 
successive binary symbol outputs from the convolutional FEC encoder. 
The six binary coUectively determine which of the 64 possible Walsh 
sequences will be transmitted. The Wakh sequence is 64 bits long. Thus, 

1 0 the Walsh "chip" rate must be 9600 • 3 • (1/6) • 64 = 307200 Hz for a 9600 
bps data transmission rate. 

In the mobile-to-miCTOcell link, a common short PN sequence is 
used for all voice carriers in the system, whUe user address encoding is 
done using the user FN sequence generator. The user PN sequence is 

15 uniquely assigned to the mobile for at least the duratfon of the calL The 
user PN sequence is exdusive-OR'ed with the common PN sequences, 
which are length 32768 augmented maximal linear shift register 
sequences. The resulting binary signals then each bi-phase modulate a 
quadrature carrier, are sununed to fonn a composite signal, are bandpass 

20 filtered, and translated to an IF frequency output. In the exemplary 
embodiment, a portion of the filtering process is actually carried out by a 
finite impulse response (FIR) digital filter operating on the binary 

sequence output. 

The modulator output is then power controlled by signals from 
25 the digital control processor and the analog receiver, converted to the RF 
frequency of operation by mixing with a frequency synthesizer which 

tunes the signal to proper output frequency, and then amplified to the 
final output level The transmit signal is then passed on to the diplexer 
and the antenna. 

30 In mobUe unit transmit modulator 222, data is provided in digital 

form from the user digital baseband circuitry to an encoder where in the 
exemplary embodiment is convolutionany encoded, block encoded and 
Walsh encoded. 
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Transndt modtdattr fuifte. indude. . PN gen«.tor wM^ 
ITV «■ This PN eenenitot generates flie user q)eafic 42-bit 

^ ^ of a Husking ^chni^ to generattag *e ou^>u. us« 
^^^Znce. R„e«mpfe a 42-bit made is provided for Ihatusetw^ 

TchT^ 42*it mask «d^R'ed with a H. output 

ite series of shift register that form the FN generator. ^ 

^of the mask and shift register bit ope«»n « 

^eOR'ed togefe 6, form tta m generator «r.pu» that » used as 

"^^IrrXiator 22a indudes m g^^rator. whic^^ 
fte PN^PNQ sequences wWA all mobUe units use. Thes« m 
» in fte Lmplary embcdim«U the zero^ used m the 
tnieroceU-to-mobile communications. 

exemplary embodiment, fte mobile^ Hnk uses rate 

L the code ate Gi . 557 (octal), G2 = 663 (octal), and G3- 711 (octal). 
T^r^Z ceU-to-mobile link, code repedtion >s^ «> 

InTJL four different data rates that the vocoder produce on a 
^^.XZ^^ *e miooceU*^ the repe.^ 
S^ols are no. transmitted -vet «" «^ ^ 

^JZr one code symbol of a «pe.i.ton g»»p is 

„rL»rer leveL In conclusion, the code repetition m the 
r^^:rd^isu.edmerelyasane^.fofita.va^ 

ST^scheme in the intedeaving «ul modulation stroctore as win 

he shown in *e following paragraphs. 

^Mock interleaver sparming 20 mse^ exacdy one ^"^^ 
is used in the mobile-fo-^U Dnlo The numb« of 
-«c as8umingadataraleof9600bpsandacoderater=l/3,BS76.1heN 
r;^^- N is equal to the number of rows and B .0 the nm^ 
^Jl„of.hein.erle.ver,rrayare32andl8,.especUvely. Thecode 
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symbols are written into the interleaver memory array by rows and read 
out by columns. 

The modulation format is 64-ary orthogonal signalling. In other 
words, interleaved code symbols are grouped into groups of six to select 
5 one out of 64 orthogonal waveforms. The 64 time orthogonal 
waveforms are the same Walsh functions used as cover sequences m the 

cell-to-mobile link. . 

The data modulation time interval is equal to 20833 psec, and is 
referred to as a Walsh symbol interval. At 9600 bps, 208.33 jisec 

1 0 corresponds to 2 information bits and equivalently to 6 code symbols at a 
code symbol rate equal to 28800 sps. The Walsh symbol interval is 
subdivided into 64 equal length time intervals, referred to as Walsh 
chips, each lasting 20833 / 64 =3.25 usee The Walsh chip rate is then 
1/3 25jisec = 307.2 kHz. Since the PN spreading rate is symmetric m tiie 

15 two links, Le.lJa88 MHz, there are exactly 4 EN chips per Walsh chip. 

A total of three PN generators are used in the mobile-to-cell link 
patiu The user spedHc 424)it PN generator and the pair of 15-bit I and Q 
channel PN generators. FoUowing the user specific sheading operation, 
the signal is QPSK spread as it was done in the ceU-to-mobile hnk. 

2 0 Unlike the ceH-to-mobUe link, where each sector or cell was identified by 
unique sequences of length 2l5 here all mobile units use the same I and 
Q PN sequences. These PN sequences are the zero-shift sequences used 
in the cell-to-mobile link, also referred to as ttie pilot sequences. 

Code repetition and energy scaling are used in the microcell-to- 

25 mobile link to accommodate the variable rates produced by the vocoder. 

The mobUe-to-miooceU link uses a different scheme based on a burst 
transmission. 

The vocoder produces four different data rates, i.e. 9600, 4800, 2400, 
and 1200 bps, oh a 20 msec frame basis as in the cdl-to-mobUe link. The 

30 information bits are encoded by the rate r = 1/3 convolutional encoder 
and code symbols are repeated 2, 4, and 8 times at the three lower data 
rates Thus, the code symbol rate is kept constant at 28800 sps. FoUowing 
the encoder, the code symbols are interleaved by the block interleaver 
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which spans exactly one vocoder frame or 20 msec A total of 576 code 
symbols are generated every 20 msec by the convolutional encoder, some 
of which might be repeated synibols. 

A vocoder frame of 20 msec is subdivided into 16 slots each 
5 lasting L25 msec Iheniimerology of the mobile-toK«U link is such that 
in each slot there are 36 code symbols at the 28800 sps rate or equivalentiy 
6 Walsh symbols at the 4800 sps rate. At the 1/2 rate, ie. 4800 bps, the 
slots are grouped into 8 groups each comprising 2 slots. At the 1/4 rate, 
i e 2400 bps, the slots are grouped into 4 groups each compnsmg 4 slots, 

1 0 and finally at the 1/8 rate, Le. 1200 bps, the slots are grouped into 2 
groups each comprising 8 slots- ^ 

The mobile unit in order to originate a caU must be provided wiA 
signaling attributes in order to complete a call to another system user via 
a cell-site. In the mobile-to-microcell link the envisioned access 

15 technique is the slotted ALOHA. An exemplary transmission bit rate on 
the reverse channel is 4800 bps. An access channel packet is conqmsed of 
a preamble foUowed by tiie information. 

The preamble length is in the exemplary embodiment an mteger 
multiple of 20 msec frames and is a sector/cell parameter which the 

20 mobile receives in one of the paging channel messages. Since the cell 
receivers use the preambles to resolve propagation delays this scheme 
aUows the ^eamble length to vary based on the ceU radius. The users 
PN code for the access channel is either prearranged or transmitted to the 
mobile units on the paging channel. 

25 The modulation is fixed and constant for the duration of the 

preamble. The orthogonal waveform used in the preamble is Wo, 
ttte all zero Walsh fiinction. Notice that an all zero pattern at the input 
of the convolutional encoder generates the desired wavefto Wq. 

An access channel data packet may consist of one or at most two 20 

30 msec frames. The coding, interleaving, and modulation of the access 
channel is exacfly ti« same as for a voice channel at the 4800 bps rate, 
except that the ttaiismls^on is not bursted m nature and all code 
symbols ttansmitted. m an exemplary embodiment, the sector/cell 
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requires the inobfle uidts to ttansimt a 40 msec preambte 
channel inessage type requires one data frame. Let Np be the number of 
preamble frames where k is the number of 20 msec elapsed from a 
predefined time origin. Then mobiles are allowed to initiate 
5 transmission on the access channel only when the equation: 

(k,Np+2)-0istrue. 

With respect to other communications appUcations it may be 
desirable to rearrange the various elements of the error correction 
coding, the orthogonal sequence coding and the FN coding to better fit 

10 ti»e application. 

The previous description of the preferred embodiments is 
provided to enable any person skilled in the art to make or use the 
present invention. The various modifications to these embodiments 
will be readily apparent to those skilled in the art, and the generic 

1 5 principles defined herein may be appUed to other embodiments without 
the use of the inventive faculty. Thus, the present invention is not 
intended to be limited to the embodiments shown herein but is to be 
accorded the widest scope consistent with the principles and novel 
features disclosed herein. 
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CLAIMS 

1 In a code divisiDn multiple access (CDMA) communicatioii 
system having a base station for communicating information si^ 
v^th system users using CDMA communication signals, an antemu 

s^tan comprising: 

a pluraHty of spaced apart antennas; 

signal distribution means for coupling CDMA commumcatxon 
signals between a base station and said antennas; and 

delay means operatively coupled to said — « ^ ^^^^^i^ 
distribution means for providing a predetermined delay m saKi CDM^ 
communication signals coupled between a base station and said 
anteiuxas. 

2 The system of Oaim 1 wherein said signal distribution 
2 means comprises transmission cabling serially interconnecting said 

and interconnecting a first one of said anten^ 

4 station. 

3 The system of Qaim 2 wherein said delay means comprises 
2 a plmaUty of delay elements disposed in said cabling b^een a^^^^^ 

^led ones of said antennas, each delay element provxdmg a dd^^ 
4 an order of at least one chip time of a CDMA signal chip. 

4 The system of Claim 1 wherein said antennas each have a 
2 predet^mined antenna pattern with said antennas positioned with 

overlapping patterns. 

5. The system of Oafan 5- wherein said antennas are 
2 positioned with substantiany overlapping patterns. 
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6. The system of Claim 1 wherein said signal distribution 

2 means comprises: 

a local antenna etecttically coupled to a base station; and 
4 a plurality of remote antennas dectromagnetically coupled to said 

local antenna, with each remote antenna coupled to a corresponding one 
6 of said antennas. 

7. The system of Claim 6 wherein said delay means comprises 
2 a pluraUty of delay elements each disposed between corresponding ones 

of said antennas and remote antennas, each delay element providing a 
4 delay on an order of at least one chip time of a CDMA signal chip. 

8. The system of Claim 6 wherein said antennas each have a 
2 predetermined antenna pattern with said antennas positioned with 

overlapping patterns. 

9. The system of Qaim 6 wherein said antennas are 
2 positioned with substantially overlapping patterns. 

10. In a code division multiple access (CDMA) cellular 
2 telephone system for facilitating communications between users of said 

CDMA cellular telephone system, and between users of said CDMA 
4 cellular telephone system and other system users, a base station for 
communicating information with at least one mobile terminal using 
6 CDMA commimication signal comprising: 

a private branch exchange {^BX); 
8 a CDMA communications terminal for receiving, converting and 

transmitting input information signals from said PBX intended for a 
1 0 recipient mobUe terminal into CDMA communication signals, and for 
receiving and converting CDMA communication signals from a 
1 2 transmitting mobUe terminal into output information signals for output 
to said PBX, said CDMA communications terminal having antenna 
1 4 means for radiating and coUecting said CDMA communication signals 
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^ «id antenna me»s providing multiple rad«^ »d 
,6 n same CDMA communlcaUon signal «ch m& a d.fierent 
pj^aelemuned lime o£feel with Kspact to one .nolte. 

IL The system o£ Claim 10 wherein said antenna means 

2 comprises: 

a oluraUty of spaced apart antennas; 

ZTItriJtton m«ms for c««pling CDMA commurucafon 
Signals ^e«v said CDMA communications tennir«l and saul 

a distribuaJ means for providing a predetennined delay msaul CDMA 
" ^:r.ionsignaU%oup.«l between said CDMA communrca^m. 

1 0 tenninal and said antennas. 
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